The purpose of this Research Note is to show the extent to which the data revolution is consequential for the field of history. The surge in computing power and access to data-processing software and online resources have enabled historians during the past two decades to capture historical statistics on a much larger scale than before. The statistical records stored in the archives of the imperial powers, as well as in those of the former colonies, are now available for analysis on an unprecedented scale. The data revolution is especially valuable when applied to regions where written records are scarce, such as sub-Saharan Africa. This Research Note documents how a new generation of economists, geographers, and historians is rewriting African history using archival records (colonial sources written for purposes unrelated to current research questions) in conjunction with geographical, climatic, and demographic studies of the distant past to gather surprising new information. 2 A NEW AFRICAN ECONOMIC HISTORY African history has always suffered from a limited number of written records. Not until the 1960s, when most African countries had gained independence, did historians in Africa and elsewhere begin to borrow methods from archeology, linguistics, and oral history to investigate the continent's rich and varied past. Information about Africa's economic history at this point was in high demand. Africa's rapid economic growth rates during the late colonial and early postcolonial periods and the euphoria immediately following independence raised new questions about the effects of imperialism and colonialism and the possibilities of future prosperity. Economic-history departments were established in universities across the continent. Debates fostered within these newly established departments could be fierce, informed by the ideological battles between Marxist and liberal economics. Evidence in support of the various positions came most often from qualitative sources that originated during the colonial era, although the abundant statistical records were not completely neglected. Many pioneers of African data collection, such as Johnson, Szeresewski, Hopkins, Manning, Eltis, and Austen, began to assemble their data sets during the 1960s and 1970s. 3 By the 1980s, however, three forces had combined to push African economic history to the intellectual periphery. First, African economies were in decline. The oil shocks of the 1970s and the consequent debt crises and IMF (International Monetary Fund) structural-adjustment programs had diminished the resources available to African universities and deflated interest in explaining Africa's past fortunes. Second, as postmodernism became fashionable, historians concentrated more on cultural and social history than on economic development. Third, the cliometrics movement of the 1970s, which emphasized the mathematical and statistical aspects of economics, heightened the methodological barrier between economics and history. As a result of these trends, African economic history, both inside and outside Africa, went into a decline from which it did not begin to emerge until the 2000s. Led by prominent economists, the renaissance of African economic history coincided with the rise of Africa's economic prospects. A methodological and technological revolution within the economics profession certainly had something to do with the change. The new millennium also marked the dawn of the data revolution in African history. 4 Acemoglu, Johnson, and Robinson are widely credited with the resurgence of African economic history through their provocative claim that disparities in economic development were largely due to the institutional legacies of European settlers. Their main contribution, however, was not so much their large new data set as it was the causal inference that they drew from it using a Journal of Development Studies, I (1965), 123-141; Anthony G. Hopkins, "Economic Imperialism in West Africa: Lagos, 1880 -1921 ," Economic History Review, XXI (1968 68-78 (doi:10.1080/20780389.2015.1025744 )-argue that African economic history declined only in Western institutions; Gareth Austin, "African Economic History in Africa," ibid., 79-94 (doi:10.1080/20780389.2015.1033686) , suggests that it was also in decline in Africa. See also Morten Jerven, "African Growth Recurring: An Economic History Perspective on African Growth Episodes, 1690-2010," ibid., XXV (2010), 127-154; Austin and Stephen Broadberry, "Introduction: The Renaissance of African Economic History," Economic History Review, LXVII (2014), 893-906; Fourie and Leigh Gardner, "The Internationalization of Economic History: A Puzzle," Economic History of Developing Regions, XXIX (2014), 1-14. novel econometric technique. Their claim about the persistence of institutions attracted the interest of a younger generation of economists, eager to tackle the issues of African poverty and underdevelopment. For instance, Nunn based his extensive study of the economic consequences of the slave trade on Curtin's Big Data project in African history from the 1960s, which culminated, following much debate and controversy, in Eltis and Richardson's Transatlantic Slave Trade Database. Although the various versions of the slave database that appeared during the past few decades have enriched a vast scholarship about this issue, Nunn's demonstration of a causal link between the number of slaves exported and the level of African GDP suggested a new direction for African economic history. Although the article later came under severe criticism, the consensus is that it rekindled economists' interest in African economic history.
Nunn's later work (with Wantchekon) identified mistrust in African societies as a legacy of the slave trade and (with Puga) showed how the slave trade pushed Africans into locations that still hamper their ability to trade. These contributions laid the foundation for a new trend in African economic history-the attempt to discover causal mechanisms in the past to explain conditions in the present. 5 Given that few effects are more persistent than geographical ones, environmental information is crucial for linking historical events to current circumstances. Nunn and Puga posited rugged terrain as an explanatory variable. Alsan used temperature and humidity to assess the influence of the tsetse fly on development in Africa. Bhattacharyya advanced the prevalence of malaria as the most important factor in explaining African poverty, at least from a statistical perspective. Fenske and Kala's annual panel of African temperatures and slave exports indicated how past environmental shocks affected the slave trade. Papaioannou's research into court cases and the records of prisoners and homicides revealed how deviations from the long-term rainfall pattern increased conflict in colonial Nigeria. Papaioannou and de Haas extended this analysis to include other parts of Africa with similar results. Climatic and other environmental information geocoded at the micro-level enabled scholars to test causal persistence with a high degree of statistical accuracy. 6 The new variables gleaned from the data revolution not only measure past events; they also serve effectively as contemporary outcome variables. In the absence of data about regional African economies, Michalopoulos and Papaioannou employed light density at night, obtained from satellite imaging, to test, on the one hand, the effect of precolonial ethnic institutions and, on the other, the effect of the borders created during the European powers' scramble for Africa on current economic performance. Notwithstanding the strong criticism that Michalopoulos and Papaiannou's data sources and estimation techniques have attracted, light density has become a popular outcome variable. 7
Contemporary survey data, now with geocoded observations, also frequently become outcome variables. A case in point is the "Afrobarometer survey" by Nunn and Wantchekon to measure levels of trust. Abel's work regarding forced removals during apartheid also relies on the Afrobarometer survey. Michalopoulos, Putterman, and Weil's use of Demographic and Health Survey (DHS) data in combination with information about the respondents' ancestral ethnicity discovered that descendants of agriculturalists are wealthier and better-educated than the descendants of pastoralists. 8 Not everyone agrees that such broad-brush studies, which link a historical episode to contemporary data, are always edifying. The main complaint about such an approach is that it "compresses history," oversimplifying a more elaborate causality. In a recent book, Jerven criticizes what he calls the irresponsible manner in which economists have deployed econometrics to explain African development. In reviewing this book, de Waal calls for African economic history to be "liberated from the tyranny of econometricians." 9 African economic historians have proposed an alternative methodology that involves unearthing and digitizing colonial-era archival records. For the last decade, scholars have scanned colonial blue books (a compendium of records about the civil establishment, revenue and expenditure, and other statistical particulars of the colonies issued by the Colonial Office), tax censuses, voter rolls, marriage registers, etc., to study the population size, wages, incomes, education, fiscal systems, and transport networks of African societies. Rather than a lengthy survey of every contribution within this context, a single type of archival document-the military attestation form, which includes, among other things, soldiers' heights-can represent the nature of the data revolution in African economic history. These individual-level observations produce a valuable proxy for living standards in the absence of other evidence. 10 HOW HEIGHT DATA CAN HELP TO UNLOCK THE AFRICAN PAST The use of human heights or stature as a proxy for living standards is more than three decades old. Social scientists agree that height accurately reflects an individual's environmental conditions early in life, including access to nutrition and exposure to disease, and that changes in average height are reflective of changes in a society's living standards. Although heights might be expected to correlate positively with incomes, economic historians analyzing heights in Western Europe and North America discovered a surprisingly negative correlation between height and income during the early phase of industrialization in England and elsewhere. This apparent anomaly became known as the "Early Industrial Growth Puzzle" in Europe and the "Antebellum Puzzle" in the United States; for most of the last two decades of the twentieth-century, scholars on both sides of the Atlantic have attempted to explain it. 11 The height of nineteenth-century Africans was the subject of two articles by Eltis in 1982 and 1990 , but the turn to heights to document the evolution in the living standards of African peoples during an era of unreliable data had to await Moradi and Baten's pioneering investigation of height differences between historical birth cohorts constructed from DHS data. But DHS data were not available until the colonial era ended in the 1950s. Another source was needed to investigate the colonial and the precolonial eras. Moradi found a sample of 1,046 Ghanaian recruits from World War I and World War II and 730 Kenyan recruits from World War II, adding information from surveys, to measure the effect of colonial policies on African living standards. In a follow-up work about the same question, his sample more than doubled. 12 Moradi's groundbreaking work stimulated interest in military records elsewhere in Africa, often with startling results. Austin, Baten, and van Leeuwen found that in nineteenth-century West Africa, Ghanaian and Burkinabe recruits were notably shorter than northwestern Europeans but not shorter than southern Europeans. In twentieth-century West Africa, Cogneau and Rouanet found that the rate of increase in the heights of those born in Côte d'Ivoire and Ghana during the late colonial period, 1925 to 1960, was almost as fast as the rate observed in France and Great Britain during the period from 1875 to 1975. Inwood and Masakure found that colored South Africans were, on average, six cm shorter than white South Africans at the start of the twentieth century, a significantly smaller difference than today's eight cm. The findings from these studies now take their place within a larger literature about the living standards of indigenous populations across the world. Information in attestations is important not only for measuring living standards over time but also for tracing the effects of different colonial policies. Cogneau and Moradi constructed a much larger sample, 11,940 recruits from Ghana and Togo, to evaluate how the partition of German Togoland after World War I influenced educational outcomes. The part of Togo that fell under French mandate had lower levels of literacy after the partition than did the parts that were ruled by the British. According to Cogneau and Moradi, the French authorities were hostile to missionary schools. Jedwab and Moradi's analysis of colonial railways vis à vis various economic outcomes, including heights, found that railways increased the heights of those born closest to them and generally improved income, boosting the production of cash crops like cocoa. 14 Mariotti's investigation of the heights of black mineworkers in South Africa confirmed the positive effect of income improvement on height. A 1974 plane crash that killed seventy-three mineworkers provoked the Malawian government to ban the migration of mineworkers to South Africa, forcing South Africa to hire workers from the Transkei "homeland" in South Africa. Mariotti showed that the resulting improvement in household incomes for the newly recruited Transkeian mineworkers increased the heights of children born during or immediately after 1974, and only in those districts from which mineworkers came. Mariotti and Dinkelman later turned their attention to the effects of the plane crash and the sudden prevention of labor migration on Malawian households. 15 Attestation records provide a snapshot of living standards in the absence of the other individual-level records that colonial authorities were often less-inclined to collect for indigenous populations than for Europeans. The demographic information that is available typically comes with a colonial-era bias that is difficult to exclude. Although height information collected for military purposes is unlikely to demonstrate such systematic bias, attestation forms can have a selection bias of their own. Not everyone qualified for military service. The minimum-height requirement meant that attestation heights were at times truncated to the left. Truncation is amenable to a statistical check (by using truncated regression models, for example), but another unobservable selection could always be lurking. Indeed, Bodenhorn, Guinnane, and Mroz have recently addressed this very possibility. They claim that the declining heights observed during the Industrial Revolution-the "Early Industrial Growth Puzzle"-reflects not a decline in living standards but a change in the military's selection process. When returns in the private sector were small (at the start of the Industrial Revolution), many of the stronger (or taller) men probably chose the military as a career. As the economy grew, however, more of them would have returned to private-sector employment, with no concomitant increase in the military population, leaving the weaker (or shorter) men to join the army. Moreover, Inwood, Mariotti, and Fourie used data about South African recruits in World War I to show that this type of unobservable selection may also happen because of changes in military technology. 16 Selection-bias concerns, however, cannot prevent heights from being a useful proxy for individual-level living standards in the absence of other measures. A comparison of the results derived from military attestation forms together with those derived from survey data, for example, suggests that selection into the military may not have been strong enough to undermine our confidence in earlier findings. The studies that have been done on heights exemplify the contribution of the data revolution in African history to new insights about how colonial-era policies affected the welfare of subjects who remained outside the remit of recordkeeping.
Besides heights, attestation forms offer a wealth of data that can contribute to fields outside economic history, in particular social history. The attestation forms of the South African Constabulary list several characteristics of each recruit, including the ability to speak an African language, the color of hair and eyes, vaccination history, the ability to ride a horse or swim, and the presence of any tattoos. A simple quantitative analysis can bring to light unsuspected details. More than one-in-five Boer recruits from the two Boer Republics had at least one tattoo, and the number of Boer recruits who were redheads was nearly twice that of the Scottish or Irish recruits. 17 DATA TRANSCRIPTION, AUGMENTATION, AND COLLABORATION The use of large archival data sets is only one aspect of the data revolution. New tools for data transcription, augmentation, and collaboration allow for faster and less-expensive digitization, more rigorous investigation, and better replicability and comparability of results. The data revolution comprises not only new material but also a new method-the use of computational power and statistical techniques to expand the scale and scope of research questions.
Data transcription-the manual copying of archival sources, often into a digital format such as Excel-is laborious and expensive. As an example, Figure 1 shows the attestation of Diederick Alfred Joseph Yates, a Briton who enlisted in the South African Constabulary in 1902. Although the form is standardized and the text clearly legible to anyone familiar with late nineteenth-century handwriting, it does not allow for automated transcription. Optical character recognition (OCR) software is not yet able to capture the information contained in such an attestation with a high degree of reliability. Historians must therefore spend countless hours transcribing these attestations into analyzable text or train a research team to do it. Both options are costly. They can also cut corners, as Inwood and Masakure did when investigating South African soldiers who served in World War I and World War II. Although several hundred thousand attestations are available in the Defense Force archives, time and funding constraints forced Inwood and Masakure to limit their transcriptions to only 10,000 attestations for each of the wars. Such sampling introduces additional biases for which researchers must take account when analyzing the results. It also does not fully conform to the methodology now popular in the era of Big Data, which advocates the use of all available data. 17 Fourie, Inwood, and Mariotti, "'Poor South Africa! Will No Nice English People Ever Come Out Here?'-The South African Constabulary of the Second South African War," unpub. paper (Stellenbosch University, 2015) .
There is reason to believe, however, that improved OCR software will soon make the transcription of archival sources, such as attestation forms, less costly. This rapidly developing technologythe most spectacular use of which is Google's project to scan every book title in existence (estimated in 2010 to be about 130 million)already has wide applicability in history, for example in the digitization of old newspapers. But printed texts are relatively easy for the OCR technology to digitize and transcribe. Eventually an OCR algorithm will be able to read a natural image-like the attestation in Figure 1 -that contains written text. This technological breakthrough in computational linguistics could have far-reaching consequences for the field of economic history. 18 Data augmentation, the second step in the new methodology, signifies the addition of information from internal or external sources to the original data. Although supplementing existing data with new information has always been possible, researchers usually had to do it manually. Computerization and the development of matching algorithms have made this process much easier. In the case of the attestation forms, scholars can now match recruits' names and birth dates to, say, genealogical records. Not only can they learn more about their subjects; they can also solve previously intractable problems, such as calculating intergenerational mobility using height as an indicator of living standards. Data augmentation has countless new avenues to explore. 19 The third step is collaborating across research networks. Data sharing has already resulted in several projects to compare historical measures. At a macroeconomic level, series such as the Penn World Tables and the Maddison project have provided scholars with crosscountry comparisons in history. Manning's Big Data in History project aims to "create a world-historical archive that will trace the last four centuries of historical dynamics and change." The Global Collaboratory on the History of Labour Relations, based at the International Institute of Social History in Amsterdam, has assembled a team to collect quantitative benchmarks for a global labor history-including population size and composition, workforce size and composition, occupations, and types of labor-setting the years 1500, 1650, 1800, 1900, and 2000 as benchmarks (1950 is included for Africa). Van Zanden has undertaken the Clio Infra project, which aims to establish "a set of interconnected databases . . . containing worldwide data on social, economic, and institutional indicators for the past five centuries, with special attention to the past 200 years." This project has now evolved into the CLARIAH (Common Lab Research Infrastructure for the Arts and Humanities) project, consisting of a consortium of more than forty partners who store and share all types of data related to the arts and humanities in a standardized and user-friendly format. 20
In African history, Frankema and his team have taken the lead in digitizing and transcribing the colonial blue books, facilitating research about colonial education, public finance, and population.
In an award-winning study, Frankema and van Waijenburg demonstrated that African real wages were significantly above subsistence levels and rising for most of the colonial period. In some places, wages were much higher than comparable figures for Asia. That study suggests that the idea of sub-Saharan Africa as always having been poor is not supported by the evidence. 21 Wages and prices can reveal much more than simply comparative levels of development. Real wages also help to examine changes in the degree of inequality between the rich and the poor (or between the colonizer and the colonized), a topic that has attracted much attention following the publication of Piketty's Capital in the Twenty-First Century. Because historical wage and price series are often not readily available, several scholars are turning to such innovative sources as slave-ship provisions, Dutch East India Company records, or agricultural journals. 22 On a broader scale, Jerven has tracked macroeconomic trends backward into the past. By reconstructing African GDP measures, he has found considerable discrepancies between World Bank, IMF, and Penn World Table estimates. In two highly acclaimed books, Jerven emphasizes that Africa's image as the "hopeless continent"-famously encapsulated by the May 13, 2000, cover of The Economist-is largely a construction of the 1980s and 1990s. Bolt and Gardner are compiling fiscal revenue and expenditure data at the local level for the late colonial period. They pair these new records with evidence about precolonial states to assess the extent to which the fiscal capacity of local-government units reflects precolonial state centralization. Moreover, in an attempt to understand the evolution of inequality during the colonial era (in the absence of information about income at the individual level), Bolt and Hillbom are compiling colonial-era records of occupations and labor-market structures. 23 These reinterpretations of the African past are the result of digitizing and transcribing the vast amounts of data available in colonial archives-projects that are ongoing. Meier zu Selhausen is digitizing and transcribing vast quantities of demographic records kept in missionary-station archives. These records are not without problems. Selection into formal Christian mission stations may carry hidden biases, and gaining the trust of bishops and others anxious that the data should be put to proper use is often as time-consuming for researchers as is the analysis. But the effort is worth the cost because these records provide a glimpse of African demographic changes and living standards unrecorded in the colonial blue books. 24 The records available for the European settlers and their activities are more detailed. Green, von Fintel, and Fourie are constructing an annual panel data set of several thousand settler farmers for more than 140 years. Once complete, this data set will offer a wide-ranging and informative account of eighteenth-and nineteenth-century life in colonial South Africa and allow economists to investigate the economic consequences of such events as the abolition of slavery and smallpox epidemics. Even though these statistical records were collected for the European colonial administration, they contain detailed demographic information about the Khoisan, a population group almost completely neglected in other sources. The scale of this project-several thousand individuals for each year-does not allow for matching individuals manually across years. Instead, an algorithm confers unique individuals with a distinct ID that permits them to be observed throughout their entire lifetime. By adding genealogical records, we can also expand the algorithm to link families across generations. Such an intergenerational panel would not have been feasible without the advent of enhanced computing and powerful statistical techniques. 25 THE DIFFUSION OF THE DATA REVOLUTION Has the data revolution produced a better understanding of the African past and the manner in which historical factors still shape African destinies? It may be too early to pass judgment. However, the new approach has generated interest far beyond the narrowly defined disciplinary borders of economic history. Econometricians, geographers, evolutionary biologists, linguists, demographers, sociologists, and computer scientists are beginning to exploit the rich quantitative history of Africa using their own methods. Economic historians should welcome this trend, not only because it generates an audience for their work but also because it provides new ways to test conjectures and hypotheses. The risk, however, is that some economic historians may be left behind, anchored to methods created at a time when quantitative data were less available. Many of the scholars who lack the statistical skills that the data revolution requires are based in Africa, geographically isolated from the interdisciplinary opportunities to acquire them. Of the more than fifty authors cited in the section above on the new economic history of Africa, fewer than ten are from Africa. 26 25 Fourie and Green, "Missing People"; Baten and Fourie, "Numeracy of Africans"; Jeanne Cilliers and Fourie, "New Estimates of Settler Life Span and Other Demographic Trends in South Africa, 1652-1948," Economic History of Developing Regions, XXVII (2012), 61-86. 26 For evidence of Africans' lack of the technical skills to keep up with advances in their own economic history, see the list of contributors to the special issue "The Economics of Apartheid," published in Economic History of Developing Regions, XXIX (2014). For the introduction, see Addressing this dearth of African scholars who are equipped to participate in the field is necessary for reasons of both fairness and intellectual diversity. As the new African economic history has demonstrated, the negative effects of colonialism still linger into the present; redressing these injustices by helping Africans to engage in, and contribute to, their own history is the first step to a more just intellectual discourse. But drawing African scholars into the field is likely to create more than just equality. It will also encourage the development of new questions, sources, approaches, and answers that will broaden and deepen the scope of African economic history.
A debate in a recent issue of Economic History of Developing Regions summarizes the factors that contribute to the current intellectual segregation. Green and Nyambara averred that economic history research at African universities "is not only strong, but remained vibrant even when African economic history was on the decline at universities elsewhere. The lack of visible output in major economic history journals is thus not a sign of weakness. Instead it is an effect of the increased methodological specialization of economic history in the Western world." Green and Nyambara thus promote the engagement of Western economic historians with African scholars to prevent "regional isolation. In response, Austin suggested that "resource constraints," along with "institutional constraints and intellectual priorities," are responsible for the slow adoption of quantitative techniques by African scholars: "The overwhelming priority that economics departments in Africa rightly give to the study of current problems does not seem to be combined with an awareness of the uses of history in fulfilling this mission. Meanwhile, the institutionalization of the humanities/ social sciences divide in many universities has made it less likely that history graduates will be equipped to combine qualitative and quantitative techniques, let alone focus on the latter." 27 Although online access may bring African students into closer contact with new methodological tools, the existing disparities Mariotti and Fourie, "The Economics of Apartheid: An Introduction," Economic History of Developing Regions, XXIX (2014), 113-125. Gardner and Fourie discuss this problem for other developing regions in "The Internationalization of Economic History: A Puzzle," Economic History of Developing Regions, XXIX (2014), 1-14. 27 Green and Nyambara, "Internationalization of Economic History," 68; Austin, "African Economic History in Africa," 91. may well become more entrenched. It is not entirely clear which incentives will minimize the likelihood of a continued isolation of African scholars, or who will offer them. One approach endorsed by Green and Nyambara, as well as by Austin, is to encourage collaborative work through joint funding applications and research programs. The danger of this strategy, however, is that the non-African partners will tend to drive the research agendas. Another, more promising, approach is for European and U.S. universities to recruit and subsidize Ph.D. students from Africa who could begin the slow but sustainable process of training their African colleagues and students in the new methods when they return. 28
African economic history has already gained much from the data revolution of the past two decades. Although the major historiographical debates persist, we now know, for example, that the slave trade has made Africans wary of both their neighbors and their political leaders, that real wages during the early twentieth century were higher in many African countries than in Asian countries, and that colonial railways boosted production and altered the spatial distribution of cities. The continuing projects to transcribe and digitize large numbers of colonial and postcolonial records are likely to advance our knowledge about Africa's economic past. 29 African economic history is, however, not just about the past. A major issue for economic historians concerns how to explain Africa's apparent failure to sustain growth and development. The renaissance of African economic history at the start of the twenty-first century has coincided with a rise in African economies. But for a variety of external and internal reasons, the momentum seems to be slowing as pessimism about Africa's prospects increases. Can the tools of the data revolution bring a new understanding to Africa's past and promote policies for a better future? The answer is likely to be negative if the African beneficiaries of this would-be prosperous future cannot take part in the conversation and if 28 An ongoing project to write a freely downloadable textbook about African economic history recognizes that technology can leapfrog many of the traditional constraints to accessing higher education. See http://www.aehnetwork.org/textbook/. 29 Nunn and Wantchekon, "Slave Trade and the Origins of Mistrust"; Frankema and van Waijenburg, "Structural Impediments"; Jedwab and Moradi, "Permanent Effects." non-African scholars in Europe or the United States fail to establish long-term partnerships with African universities and their faculties.
"The past is never dead. It isn't even past," William Faulkner once said. This statement is nowhere more apt than in Africa, where the deleterious effects of colonialism and slavery persist. Equipping African scholars with the tools to take part in the data revolution is not only necessary to redress the inequalities of the past but also vital to build a thriving interdisciplinary academic discourse.
